Olfaction represents an ideal model system for the study of mammalian habituation given that it is an anatomically relatively simple system with strong reciprocal connections to the limbic system, driving both reflexive and non-reflexive (motivated) behaviors that are easily quantifiable. Data are reviewed here demonstrating short-term habituation of the odor-evoked heart-rate orienting reflex described according to the criteria for habituation outlined by Thompson and Spencer [Thompson, R. F., & Spencer, W. A. (1966). Habituation: A model phenomenon for the study of neuronal substrates of behavior. Psychological Reviews, 73(1), . A necessary and sufficient mechanism of short-term habituation is then described, which involves a metabotropic glutamate receptor mediated depression of afferent input to the piriform (primary olfactory) cortex. Finally, evidence for, and a mechanisms of, dishabituation of the orienting reflex and cortical adaptation are described.
Introduction
Non-associative memory allows organisms to adjust their behavioral responses to sensory input based on recent stimulation history. Habituation is a reduction in responsiveness to repeated or prolonged stimulation and allows animals to filter biologically less relevant input, and in turn devote more attention and processing energy toward more relevant or dynamic stimuli. Dishabituation and sensitization both involve an increase in stimulus evoked responses following a change in stimulation, such as introduction of an intense stimulus, and allow a return of responsiveness (dishabituation) or heightened responsiveness (sensitization) following an unexpected disturbance. Together, these three processes, habituation, dishabituation and sensitization, allow rapid changes in neural activity and behavioral expression, and are thus fundamental to normal neural circuit function.
The neural mechanisms of non-associative memory have been most thoroughly examined in invertebrate preparations (see other articles in this issue). For example, changes in efficacy of sensorimotor and interneuron synapses have been demonstrated to play necessary and sufficient roles in habituation, dishabituation and sensitization in Aplysia (e.g., (Castellucci, Pinsker, Kupfermann, et al., 1970; Ezzeddine et al., 2003; Kupfermann, Castellucci, Pinsker, et al., 1970; Li, Roberts, & Glanzman 2005) ). The systems level neurobiology of these processes in mammalian systems has also received considerable attention (e.g., (Bespalov, Jongen-Relo, van Gaalen, et al., 2007; Glanzman, Groves, & Thompson 1972; Groves et al., 1972; Weber, Schnitzler, & Schmid 2002) ), although direct causal connections between specific synaptic mechanisms and behavioral habituation have been less evident.
We have developed a model of habituation in the rat using odor-evoked heart-rate orienting responses that provides a tractable system for studying both circuit and synaptic mechanisms of habituation in rodents. The mammalian olfactory system, as described in more detail below, is a relatively simple circuit wherein second-order neurons (mitral cells of the olfactory bulb) receive direct input from olfactory receptor neurons and in turn project directly to the olfactory (piriform) cortex. Both of these synapses are glutamatergic, and the synaptic physiology and neural circuitry of the piriform cortex are well described (Neville et al., 2004) . Importantly, the olfactory system has strong interconnections with the limbic system and hypothalamus, and the circuitry underlying odor-evoked cardiac orienting reflexes has been described (Kapp, Whalen, Supple, et al., 1992) . Furthermore, the olfactory system is the target of many neuromodulatory systems, including the noradrenergic nucleus locus coeruleus, the serotonergic raphe nucleus and the cholinergic nucleus of the diagonal band (Shipley et al., 1996) . 
